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Abstract: An experimental study using microalgae Scenedesmus sp. growth rates are conducted 
in varies of environmental conditions that aim to access the growth rates effects of microalgae 
Scenedesmus sp. tolerance and capability to sustain in different type of abiotic conditions. 
Synthetics aqueous of Basal Bold Medium (BBM) was used to cultivate in batch mode using 
reactor flask under different abiotic parameters such as pH, temperature, lux intensity and photo 
period with objective of assessing the microalgae Scenedesmus sp. growth rates. These 
conditions are chosen due to its influential key on microalgae growth metabolism and nature of 
environmental where microalgae utilization will took place. The initial concentrations of 
microalgae are kept constant at 1000cells/ml as the other environmental factors are varies based 
on the nature of selected wastewater and surrounding nature. The optimum growth rates and 
tolerance of Scenedesmus sp. subjected to abiotic conditions are pH 7 to pH8, temperature is 
25
0
C to 30
0
C, photoperiod is 12/12 (Light/Dark)(hr) and lux intensity of 4000. Microalgae 
Scenedesmus sp. can easily grow and adapt well in nature conditions as the optimums are 
precisely close to nature conditions. 
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1.0 Introduction 
In recent times, microalgae have been one of the most significant subjects of exploration among 
researchers due to its implementation manufacturing competency in respect of low cost, low 
energy usage and produce lesser disposal product in wastewater treatments than other 
conventional method [1, 2]. As metabolic of microalgae is the key point in determine the 
survival of certain species, hence, factors that influences those metabolic directly will determined 
the microalgae efficiency, tolerances and surviving capabilities in the environmental. Some 
researchers [3, 4] identified temperature, pH, light intensity and photoperiods are the outmost 
influential environmental parameters in microalgae life cycle. These parameters will determine 
how fast the microalgae will grow and sustained in the environment. Furthermore, the growth 
rates of cells are not only depends on selective chemo-physical environment stated but also the 
organism ability to colonize and sustained in a particular environmental [5]. Likewise, these 
parameters on the other hand must be parallel with the objective of treatments as well as site 
conditions whereby several aspects needs to be fully access and address, especially when applied 
in industrial sector that required favourable in terms of economic wise. Characteristically, 
microalgae structure of morphology consist of plastids chlorophyll which responsible for 
photosynthesis process. Photosynthesis is a process that uses light as energy to convert substance 
such as nutrients and metals into sugar and energy. It is also capable in reducing carbon dioxide 
(CO2) as well as mitigates green gasses at the same time [6, 7]. All of these characteristic of 
microalgae are favourable in wastewater treatment system which it can minimize the usage of 
mechanical aeration that consume energy and costly [1, 8]. Furthermore, due to the remarkable 
capabilities of microalgae, compared with any other terrestrial crops, microalgae portrayed 
higher growth of rates as it did not use/required big land to re-generate/produce as others.  
Additionally, microalgae can easily adapt and survive in wastewater as it only required little 
nutrients for growth and sustained life in environment [9]. As in nature environmental, light 
regime, temperature and photoperiod is discontinuously and varies every day. Compare with 
laboratory set up, all of these parameter can be controlled and monitor [10]. Therefore, in order 
to access those parameters consistently, laboratory experiments were use with the parameter 
range based on the nature environment where these microalgae will be utilised for wastewater 
treatments. Thus, the aims of this study are to access the microalgae Scenedesmus sp. growth 
rates, tolerance and ability when subjected to different environmental conditions subjected to 
nature conditions of the wastewater treatment plant.  
 
2.0 Methodology and Materials 
2.1 Microalgae Scenedesmus sp. Preparations 
Microalgae Scenedesmus sp. was obtained from plankton, located inside the National Park, 
Endau Rompin. The selected location of microalgae was chosen due to its availability of the 
wanted species as well as the less polluted locations that influence the growth metabolism of the 
colonies [1]. Scenedesmus sp. microalgae are extracted through sampling, isolation and 
identification of the species. After identification of Scenedesmus sp., the microalgae was 
cultivated in the Basal Bold Medium, BBM in 12h: 12h photoperiods and with ±35
o
C for growth 
observations.  
2.2 Media Preparations and Experimental Set-Up 
Media that was used in this experiment is Basal Bold Medium, BBM [11]. All the media were 
adjusted according to the designated parameter and conditions. For pH adjustment, Sodium 
Chlorides (NaCl) was used to alkaline the aqueous while Hydrochloric Acid (HCL) was used to 
decreased the pH value to acidic. Lux intensity was adjusted to desired lux by using the adjuster 
device known as environmental kit. Temperatures are controlled by using the water bath.. 
2.3 Inoculations and Microalgae Cells Counting 
The initial inoculation of the microalgae cells were fixed at 1000cells/ml throughout the 
experimental. Haemocytometer was use for counting the microalgae cells (12, 13). From the 
counting, specific growth rates of the microalgae can be counted using formula by Anderson R. 
A., [13] as derived in Eq. 1;  μ / day  = (Ln(Nt/No) / (tf – ti ))                  Eq. 1 
*Where Nt is Final algae concentrations, N0 is Initial algae concentrations and Δt are subtraction of Final time with 
the Initial time (day). 
 
Table 1: Summary of all parameters in different environmental conditions. 
Parameter Conditions Constant Parameter Microalgae Concentration 
pH 2,3,4,5,6,7,8,9 Natural Conditions 
1000 cells/ml 
Temperature 20,25,30 and 40 
Lux Intensity: ±2500 
Photoperiod: 12h : 12h 
Lux Intensity 2000, 2500, 3000, 4000 
Temperature: ±25 
Photoperiod: 12h : 12h 
Photo Period 
0h:24h, 6h:18h, 12h :12h,  
18h : 6h, 24h: 0h 
Lux Intensity: ±2500 
Temperature: ±35
o
C 
3.0 Data Analysis 
3.1 Cells Growth Optimization in Different Environmental Conditions 
Growth rates of Scenedesmus sp. in this experimental were expected to have a positive specific 
growth rates (SGR) growing over time as refer to Figure 1 to Figure 4. However, due to the 
environmental stress, there is a negative growth that was observed and collected in this 
experimental. Refer to Figure 1, the effects of pH on growth rate of microalgae Scenedesmus sp. 
was profound highest at pH 7 to pH 8 while negative growth occurs at pH 2 to pH 3. As the 
microalgae is characterise as a freshwater microalgae, it is rational for the microalgae to not 
survive in too acidic conditions. This finding is almost similar with the research done by [4] as 
the optimization pH is 7.5. Growth of microalgae is effected with the water pH. 
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 Figure 1: Growth Curve of Scenedesmus sp.                    Figure 2: Growth Curve of Scenedesmus sp in 
 in different pH                       different Temperature 
 
An alkaline condition is favourable for microalgae in capturing carbon dioxide during 
photosynthesis as mention by [14] and formation of carbon exist from HCO3 is normally in weak 
alkaline [15]. This shows that Scenedesmus sp. is a freshwater microalga and seamlessly blooms 
in neutral to alkaline conditions. In growing phase of microalgae, temperature is another 
essentials element as the growth of microalgae is parallel with the increasing of temperature until 
it reaches its optimum state [16]. 
 In this study (Figure 2), the optimal temperature that was collected is at 25
0
C with 
biomass production of 5.5x10
6
cells/ml. This finding is still within the range of optimum reported 
by other researchers study done by [17] which is between 20°C to 40°C while study done by [16] 
is between 15°C to 36°C. Additionally, there are also study done by [8] reported the optimum 
temperature for Scenedesmus sp. is 37°C, 30°C by [19] and 25°C by [4]. Optimal temperature is 
the conditions where the biochemical and physiological of microalgae cells will not change or 
modify while undergo photosynthesis [20]. Hence, temperature only determine the reaction rates 
of activity and intercellular enzymes which directly affects the algal photosynthesis, respiration 
intensity, growth rates and it distribution limits [21]. 
 The results in (Figure 3) prevail that the highest growth on different photo cycle period is 
at 12/12 hours of light/dark, followed by 18/6 hour, 6/18 hours, 0/24 hours and 24/0 hours 
respectively. Based on the study by [4], the optimal range for photo cycle period is between 
12/12 hour to 16/8 hours for most cultures. These experimental results fall in that range. As in 
the cycle photo period, the photosynthesis mechanism can be divided into two stages that is light 
stage and dark stages. A light stage is where photosynthesis in the chloroplast takes place in 
generating and converting energy to NADPH2 and ATP while in dark stages, the reaction 
without photosynthesis took place at the stroma of chloroplasma [5, 22]. 
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  Figure 3: Growth Curve of Scenedesmus sp in                    Figure 3: Growth Curve of Scenedesmus sp  
  in different Photoperiod                                      in different light intensity 
 
 Figure 4 shows the highest growth rates in different light intensities is at 4000 lux which 
produced biomass of 2.28x10
6
 cells/ml, follows by 3500 lux with 2.25x10
5
 cells/ml, 3000 lux 
with 2.09x10
5 
cells/ml and 2500 lux with 2.17x10
4
 cells/ml. Microalgae is a photosynthesis 
organism that utilized light as energy for living. As such, insufficient of light intensity will cause 
inhibit of growth rates, also known as photo limitation condition. However, when the light 
intensity increases, it improves the microalgae growth until it reaches its saturation light 
intensity. As the intensity exceeds the saturation, the growth will decrease [23]. This condition is 
known as photo inhibition [24]. Hence, this study has found that, the increasing of lux resulting 
the increasing of growth rates as well as biomass production. Additionally, type of species and 
microalgae capability to fully synthesis energy form absorbing lux intensity play a vital role in 
determine its own optimal light intensity [25].  
4.0 Conclusion 
The growth rates of microalgae Scenedesmus sp. depend on different environmental conditions 
and the tolerance and capability of its survival. The optimum tolerance of pH is pH 7 to pH8, 
temperature is 25
0
C to 30
0
C, photoperiod is 12/12 (Light/Dark)(hr) and lux intensity of 4000. 
These findings show that the optimisation data are similar condition with the natural conditions 
of the wastewater treatment system to be applied. Thus, microalgae Scenedesmus sp. is suitable 
to be used or applied at location which have a similar natural conditions as optimisation data.                       
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